We study the time-varying efficiency of nineteen members of the Federation of Euro-Asian Stock Exchanges (FEAS -an international organization comprising the main stock exchanges in Eastern Europe, the Middle East and Central Asia) by generalized Hurst exponent analysis of daily data with a rolling window technique. The study covers the six years of time period between January 2007 and December 2012. The results reveal that all FEAS members exhibit different degrees of long range dependence varying over time. We present an efficiency ranking of these members that provides guidance for investors and portfolio managers. Results show that the least inefficient market is Turkey followed by Romania while the most inefficient markets are Iran, Mongolia, Serbia and Macedonia. Throughout the considered time period, Turkey's stable Hurst exponent around 0.5 differs from others and shows characteristics of a developed financial market. For the federation members, strong positive relationship between efficiency and market liquidity is revealed. In the light of this fact, alternatives are suggested to improve market efficiency.
Introduction
Market efficiency simply states that the price in the stock market reflects all the available information. According to highly controversial efficient market hypothesis (EMH) of Fama [1] , when all the information about the investments is known, it is not possible for anyone to beat the market and expect returns that are above average. EMH views market prices as random thus serial correlations between observations cannot exist. While short term serial correlation is accepted by supporters of EMH, long term serial correlation is generally rejected.
The long memory in asset returns has been an intriguing subject for a long time. Starting with the study of Mandelbrot [2] , many others have supported the existence of long memory in asset returns (see [3] and the references therein). The presence of such memory brings out several problems in modern finance: (i) the investors' preferred investment horizon becomes a factor in the investment risk [4] , (ii) methods used to price financial derivatives may not be useful anymore, (iii) usual tests based on Capital Asset Pricing Model cannot be applied to series that have long term memory [5, 6] .
This study focuses on the efficiency of the markets in FEAS. Although there is a vast amount of literature on efficiency of developed markets [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , less is known for the emerging ones [5, 6, [17] [18] [19] [20] . 1 in June 2009, Dow Jones Indexes launched a series of benchmark indexes based on the performance of some FEAS equity markets. We use the Hurst exponent to measure long range dependence in FEAS members. It uses a rolling sample approach that helps us to observe the time varying degree of the market efficiency. Instead of the popular R/S statistics [21] approach, this study uses the generalized Hurst exponent (GHE) introduced by Barabasi and Vicsek [22] . It combines sensitivity to any type of dependence in the data and simplicity. Furthermore, since it does not deal with max and min functions, it is less sensitive to outliers than the popular R/S statistics [23] . The rest of the paper is organized as follows: Section 2 explains the methodology for analysis of long range dependence and Section 3 describes the data. Section 4 presents the results and finally Section 5 offers a brief conclusion.
Methodology
Several methods have been proposed to analyze the long range dependence phenomenon. 2 In this study, we are interested in the degree of long range dependence of a given stochastic process S(t) with t = (1, 2, . . ., Dt) defined over a time window Dt with unitary time steps [7] and we use GHE as a measure of long range dependence. 3 It is a generalization of the approach proposed in [21] and it may be evaluated using the qth-order moments of the distribution of increments, which is a good characterization of the statistical evolution of S(t) [7, 8] , For any value of q, H(q) = 0.5 means that S(t) does not exhibit long range dependence, while H(q) > 0.5 and H(q) < 0.5 implies that S(t) is persistent and anti-persistent respectively.
Data
We consider trading day closing values P(t) of 19 FEAS members i.e. Bahrain (Bahrain All Share Index), Bosnia and Herzegovina (SASE 10), Bulgaria (SOFIX), Croatia (CRO-BEX), Egypt (EGX 30), Georgia (GSX), Iran (TEPIX), Jordan (ASE General Index), Kazakhstan 
Results
In Fig. 1 , the time-varying GHE for q = 1 are presented. For almost all markets, H(1) displays mixed behavior in the considered time period (varying widely for some of the countries) but in general H(1) > 0.5 i.e. FEAS members exhibit persistent long range memory. In general, there is a tendency towards efficiency in eastern European members whereas most of the markets in the middle east displays divergence from efficiency especially after the beginning of the Arabian Spring. Turkey varies from others by its stable H(1) that takes values around 0.5 which is a characteristic of a developed financial market [25] . Table 1 presents the descriptive statistic for the time-varying H(1) for all FEAS members.
In order to check whether the time-varying Hurst exponents are due to noise, we performed several normality tests (see Table 1 ) and the results strongly suggest that these parameters are not normally distributed. 9 Therefore, 2 See [24] for a survey of these methods. 3 GHE was introduced in [22] and recently used by Di Matteo et al. [25] to study the degree of development of several financial markets. 4 Note that for q = 1, Eq. (1) describes the scaling behavior of the absolute increments and it is expected to be closely related to the original Hurst exponent. For q = 2, K q (s) is proportional to the autocorrelation function C(t,s) = hS(t + s)S(t)i. We will focus on the case of q = 1. 5 Processes with a scaling behavior of (2) may be divided into two classes: (i) unifractal processes that H(q) is independent of q i.e. H(q) = H or (ii) multifractal processes that H(q) is not constant and each moment scales with a different exponent. Previous researches [5, 6, 25, 27] show that financial time series exhibit multifractal scaling behavior. If multifractality exists in stock returns then models such as in the work of Calvet and Fisher [28] may be used for forecasting, which are competitors to ARCH and GARCH models [23] . 6 This list covers almost 100% market capitalization of the federation. 7 Window length is chosen to be large enough that it provides satisfactory statistical significance and small enough that it retains sensitivity to changes occurring over time. 8 For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article. 9 Indeed, in most of the cases bi-modality is observed giving a clue of ''two'' Hurst exponents.
we can employ usual non-parametric tests to compare the medians of different markets' Hurst exponent time series. Table 2 gives a ranking of medians and means of these markets based on the distance between 0.5 and H (1): Turkey is the least inefficient market in the federation followed by Romania while the most inefficient markets are Iran, Mongolia, Serbia and Macedonia, and the ranking in the middle is ambiguous. 10 
Influence of liquidity on long-range dependence
In this section, we seek financial reasoning for our efficiency ranking. Three important market liquidity indicators namely; trade volume, turnover and market capitalization are considered. We proceed as follows: Notice that each index contains a specific number of stocks (that differs from one index to another) thus, for comparison purposes we first calculate daily average trade volume, turnover (USD) and market capitalization (USD) per stock for each index. Next, rankings of the markets are constructed for each of these three categories. Finally, we compare these rankings with our previously found efficiency ranking. 11 The results are given in Fig. 3 . The scatter diagram in Fig. 3 and the simple regressions obtained from ordinary least-squares estimation 12 clearly state that there exists a positive strong relationship between efficiency and liquidity. For example, Turkey and Romania, highest ranked members in efficiency, are also ranked highest in terms of daily average liquidity proxies per stock. Our findings are in parallel with the results of Cajueiro and Tabak [29] [30] [31] . Authors reveal that liquidity plays a significant role in explaining market efficiency in Brazilian stock market [31] and major stock markets of Asia [29, 30] . Combining these facts suggests that for an improvement in a market's Table 2 Efficiency ranking of FEAS members based on the distance between 0.5 and median/mean of H(1).
Market
Median (distance to 0. efficiency, policy makers should focus on increasing the liquidity.
Conclusion
Market efficiency is not easy to test or measure empirically, however, it has vital implications: In an efficient market, there is no room for fooling investors. They can pursue a buy-and-hold strategy since this will lead to the same returns on average but the net profit will be higher due to fewer brokerage commissions. Considering the creditors, an efficient market can help determining whether a company is in the solvency condition or not and it assists them to decide the most potential company to join as the debenture holders due to the available information provided.
To observe the time-varying market efficiency in the Euro-Asian region, the concept of generalized Hurst exponents has been applied to FEAS members' daily data between 2007 and 2012 by a rolling window approach. The results show that these markets display persistent long range memory in general. Through this time period, in general, eastern European markets evolves to a less inefficient state while middle eastern members diverge from efficiency. Moreover, divergence is observed around the beginning of Arabian Spring, which possibly has a partial responsibility in this artifact.
The markets have been ranked according to their efficiency and the least inefficient market is found to be Turkey, succeeded by Romania, while the most inefficient markets are Iran, Mongolia, Serbia and Macedonia. Furthermore, by its stable Hurst exponent around 0.5, Turkey differs from others and shows characteristics of a developed market throughout the considered time period.
For FEAS member, strong positive relationship between efficiency and market liquidity is revealed. In the light of this fact, the possible suggestions to improve market efficiency are the followings: Most of the members in FEAS do not have derivative markets. Literature shows that launch of derivative assets, in general, increases the underlying market's liquidity [32, 33] , thus introducing a derivative market could increase efficiency. Similarly, recent studies [34, 35] reveal that making short selling difficult has an adverse effect on liquidity. In that case, lowering short sale margin requirements or removing of the up-tick rule would possibly have a positive effect on efficiency. We hope our findings would be useful for investors, portfolio managers and policy makers. 
